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[57] 



ABSTRACT 



In an integrated circuit microprocessor, an M-bit prior- 
ity encoder circuit indicates the highest priority bit 
position that is set in a first portion of an N-bit (N gener- 
ally being greater than M) data word and provides 
control information regarding the number of bits that 
are set. If more than one bit is set, the highest priority 
bit is reset, the first jxjrtion is re-analyzed, and highest 
priority bit information and control information are 
again provided. If only one bit or no bit is set in the first 
portion, a second portion is analyzed, and highest prior- 
ity bit information and control information regarding 
the second portion is provided. Analysis of the second 
portion, and of any subsequent portions, continues in 
similar fashion until no further bit positions are deter- 
mined to be set in the data word. 
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desirable to utilize the pipe-lining capabilities inherent 
PARTIAL-SIZED PRIORITY ENCODER CIRCUIT in such microprocessors by providing relatively more 
HAVING LOOK-AHEAD CAPABILITY complete control information from the output of the 

priority encoder than is provided by known priority 
TECHNICAL FIELD 5 encoders, which typically provide merely an indication 

This invention relates generally to daU processing of whether the data word being analyzed is zero or 

systems and, in particular, to a priority encoder circuit non-zero, , , ^, . j . 

and a method for using same. J" addition, in the MC68040 microprocessor, the data 

and address registers are separated into two diiTerent 
BACKGROUND OF THE INVENTION 10 execution units, namely an effective address unit and an 
As is well known, data processing systems including instruction execution unit. Again, more complete con- 
microprocessors arc generally equipped with various trol information is required to achieve optimum opera- 
data and address registers which either temporarily . tion of microcode branching operations without rcquir- 
store information which is to be transferred to memory ing additional logic circuitry. 

in a WRITE operation or which receive information Therefore it is also desirable to provide as outputs 
from memory in a READ operation. In some instances, from a priority encoder not only a pointer to the most 
it is necessary to store information into or extract infor- significant bit which is set in the data word, but also 
mation from selected ones of this plurality of registers in control information in the form of an indication as to 
accordance with some predefined priority scheme. whether 1) there are zero bits set, 2) there is one bit set, 

For example, the MC68000 series of microprocessors 20 3^ ^^^^^ ^^^^^ ^^^^ ^it set. This indication can 
generally available from Motorola, Inc. utilizes a "load be used by microcode to branch upon the appropriate 
and store multiple" instruction (MOVEM) which conditions. 

causes information stored in various registers in the jj also desirable to provide a priority encoder cir- 

microprocessor to be stored into memory or vice versa. ^uit which occupies a minimum of silicon area on a 

For this purpose, a multi-bit data word is constructed 25 j^icroprocessor chip, 
within the microprocessor which indicates which regis- 
ters are to be manipulated and in what priority. For BRIEF SUMMARY OF INVENTION 
example, if each of the individual bits of the daU word -pj^^ present invention provides a high speed panial- 
represent separate and distinct registers, then a logical ^-^^ priority encoder circuit for analyzing an N-bit 
one in any particular bit position may be interpreted to 30 ^^^^ ^^^^^ examining a first portion of the data 
indicate that its associated register is to be either read ^^^^^ identifying the highest priority bit set in the first 
into or read from. ... portion, then examining a subsequent portion of the data 

Furthermore, the relative pnonty of operations asso. identifying the highest priority bit set 

dated with any one particular register with respect to ^^^^^.^ Simultaneously with generating the results of 
the others may be determined by the relative position of 35 ^^^^ generates an indication regard- 

,ts associated bit m the data word,. ^^^^ ^^^^ ^^^^ ^^^^^ ^ ^-^^^ 

Thus, for example, ^''^fl'"^^^^^^^^ the portion under analysis. Thus the circuit indicates 

occupies the least significant bit position of the data ^ ^ ^^^^^^ 

word may be given highest pnonty while one associ- y r ^ u ^-^ tu- «^^^rx, or,^^»r *^ 

ated with the most sign^icant bit position may be given 40 I" a P^f'^^J^'^^'^ f.^ ITlrT^^^^ 

th«. lr,wr« nrioritv ^ ° anjincs half of the N bits of the data word at a tune. 

It is necessary, however, to monitor each of the bit Because of the reduced size of the circuit, and because 

positions m order to delect the bit position of highest of the added control mfonnation generated regarding 

priority containing a logical one so as to perfonn the the number of bus that were found to be set, the pnonty 

required operation on its associated register, the bit 45 encoder runs at a speed which is compatible with that of 

position containing a logical one of the next highest the other microprocessor internal components, the end 

priority in order to perform the required operation on result being that the MOVEM instruclion is executed at 

its associated register, and so on down the line until the ' a rate of one register moved per clock cycle, 

correct operation has been perfonned on each register Accordingly, it is an advantage of the partial-sized 

whose associated bit in the data word is a logical one. 50 priority encoder of the present mvention that it is capa- 

A known priority encoder provides a separate chan- ble of high speed operation. . , . ■ 

nel for each bit of the binary dau word whose bits it is It is another advanuge of the partial-sized pnonty 

desired to prioritize. encoder of the present invention that it analyzes only a 

It is desirable to provide a priority encoder which can portion of a data word at a time, 

operate at a speed comparable to that of the other cssen- 55 It is also an advantage of the partial-sized pnonty 

tial elements of the microprocessor, for example, the encoder of the present invention that it generates addi- 

execution unit and the effective address unit. In general, tional control information concemmg the number of 

the speed of a priority encoder' corresponds linearly to bits that were found to be set in the portion of the dau 

the number of bits. Thus an 8-bit encoder runs approxi- word under analysis. 

mately twice as fast as a 16-bit encoder. It is therefore 60 These and other advantages are achieved m accor- 
desirable to provide a priority encoder that operates on dance with one aspect of the invention by providing a 
fewer than the maximum number of bits in the data priority encoder circuit for identifying the highest pri- 
word being analyzed. ority bit set in an N-bit data word, the circuit compris- 
High performance microprocessors, such as Motor- ing an M-bil logic circuit, responsive to a first portion of 
oia's MC68000 line of microprocessors, arc highly pipe- 65 the data word, for identifying the highest priority bit, if 
lined. That is, the microcode which controls many of any, set in the first portion of the data word, and for 
their internal operations is executed in an overiapping providing an indication of whether zero, one, or multi- 
manner rather than in a purely sequential manner. It is pie bits are set therein; control logic, responsive to an 
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indication that multiple bits are set in the first portion of 
the data word, for resetting the highest priority bit and 
causing the logic circuit again to identify the highest 
priority bit, if any, set in the first portion of the data 
word, and to provide an indication of whether zero, 
one, or multiple bits are set therein; and the control 
logic, responsive to an indication that zero bits are set or 
one bit is set in the first portion of the data word, caus- 
ing the logic circuit to identify the highest priority bit, 
if any, set in the second portion of the data word, and to 
provide an indication of whether zero, one, or multiple 
bits are set therein. 

According to a further aspect of the invention there is 
provided a method for identifying the highest priority 
bit set in an N-bit data word, said method comprising: 
identifying the highest priority bit, if any, set in a first 
portion of the data word, and providing an indication of 
whether zero, one, or multiple bits are set therein; re- 
sponsive to an indication that multiple bits are set in the 
first portion of the data word, resetting the highest 
priority bit and again identifying the highest priority bit, 
if any, set in the first portion of the data word, and 
providing an indication of whether zero, one, or multi- 
ple bits are set therein; and responsive to an indication 
that zero bits are set or one bit is set in the first portion 
of the data word, identifying the highest priority bit, if 
any, set in a second portion of the data word, and. pro- 
viding an indication of whether zero, one, or multiple 
bits are set therein. 



20 



25 



30 



35 



BRIEF DESCRIPTION OF THE DRAWINGS 

TTie invention is pointed out with particularity in the 
appended claims. However, other features of the inven- 
tion will become more apparent and the invention will 
be best understood by referring to the following de- 
tailed description in conjunction with the accompany- 
ing drawings in which: 

FIG. 1 shows a block diagram of a priority encoder in 
accordance with the invention. 

FIG. 2 shows an instruction formal for the MOVEM 40 
instruction. 

FIG. 3 shows a Register List Mask, illustrating the 
correspondence between individual registers and bit 
positions within the data word to be analyzed by a 
priority encoder in accordance with the invention. 

FIG. 4 shows a more detailed block diagram of the 
priority encoder illustrated in FIG. 1. 

FIG. 5 shows a logic diagram of the priority encoder 
illustrated in FIG. 1. 

FIG. 6 shows a timing diagram illustrating the clock 
signals tl through t4 shown in FIG. 5. 

FIG. 7 shows a truth table illustrating the operation 
of the block labelled *'Cr' in FIG. 5. 

FIG. 8 shows a truth table illustrating the operation 
of the block labelled *'C2" in FIG. 5. 

FIG. 9 shows a truth table illustrating the operation 
of the block labelled *'C3" in FIG. 5. 

FIG. 10 shows a flow chart of the MOVEM instruc- 
tion in accordance with the invention. 

FIG. 11 shows a conceptual view of a microproces- 
sor chip comprising a priority encoder in accordance 
with the invention. . 



DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

FIG. 1 shows a block diagram of a priority encoder in 
accordance with the invention. A 16-bit data word is 
indicated generally by reference numeral 10 and com- 



prises an 8-bit high order portion 1 and an 8-bit low 
order ponion 2. As will be explained in greater detail 
below, the low order ponion 2 is first transmitted over 
8-bit wide bus 4, through multiplexer 5, over 8-bit wide 

5 bus 6 into the priority encoder logic 7. 

As a result of analysis of the low order portion, a 3-bit 
binary-coded value is generated over output lines 
11-13. This value thus represents a pointer identifying 
the bit position of highest priority in the low order 

10 portion of the data word and, accordingly, to its associ- 
ated register. 

Simultaneously, a 2-bit branch control value is gener- 
ated over output lines 8 and 9. This value provides an 
indication of whether zero, one, or multiple bits are set 
in the low order portion of the data word. The branch 
control value is fed back into the priority encoder logic 
7 where it is used to control its operation, either to 
continue the analysis of the low order portion of the 
data word or to proceed with the analysis of the high 
order portion of the data word. 

The branch control value is also output from the 
circuit and utilized by additional control logic (not 
illustrated) of a microprocessor to control microcode 
branching operations. 

It will be apparent to one of ordinary skill in the art 
that the inventive concept can be generalized to an 
M-bit logic circuit analyzing an N-bit data word (both 
M and N being integers, with M optimally being less 
than N), although a preferred embodiment of the pres- 
ent invention is shown and described herein in the form 
of a logic circuit for analyzing two equal halves of a 
16-bit data word (i.e. the logic circuit has N/2 or 8 bits- 
FIG. 2 shows an instruction format for the MOVEM 
(move multiple registers) instruction. The instruction 
comprises a 16-bit first word 26 called the operation 
word, which specifies the length of the instruction and 
the operation to be performed, and a 16-bit second word 
27 called an extension word, which provides a Register 
List Mask (see FIG. 3). 

In the MC68040 microprocessor the MOVEM in- 
struction moves the contents of selected registers to or 
from consecutive memory locations, starting at the 
location specified by the Effective Address field. A 
register is selected if the bit in the Register List Mask 
field corresponding to that register is set. For the pur- 
poses of the present invention, additional details con- 
cerning the MOVEM instruction and operation word 
26 are not relevant. 

FIG. 3 shows the Register List Mask word of the 
MOVEM instruction. The Register List Mask illus- 
trates the correspondence between individual registers 
and bit positions within the data word 10 to be analyzed 
by a priority encoder in accordance with the invention. 

The MOVEM instruction of the MC68000 instruc- 
tion set contains a 16-bit register list corresponding to 
the sixteen user registers (eight data registers and eight 
address registers). A logical one in any position means 
that the corresponding register is to be read from or 
written to memory (the *'dr" field in the operation word 
26 specifies the direction of transfer). 

In FIG. 3 the designations A7 thi-ough AO refer to 
address registers, and the designations D7 through DO 
refer to data registers. In the present embodiment the 
65 lowest order bit (DO) corresponds to the first register to 
be transferred, and the highest order bit (A7) corre- 
sponds to the last register to be transferred. However, 
the priority could be reversed or otherwise altered. 
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A partial-sized look-ahead priority encoder is used to Mask word loaded in emovm may be either read from 
specify a binary-coded value representing the least sig- or written to memory. The direction is known by mi- 
nificant bit position in the Register List Mask word that crocode from its decoding of the **dr*' field in the opera- 
contains a logical one and to further specify branch tion word 26 of the MOVEM instruction, and the mi- 
control information in the form of an indication as to 5 crocode reflects the direction by setting the state of the 
whether zero, one, or multiple bits arc set to a logical emovmdir control signal via line 19. 
one in the portion of the Register List Mask word cur- Thus, the least significant bit of the Register List 
rcntly under analysis by the priority encoder logic. Mask word may indicate register DO or register A7, 

FIG. 4 shows a more detailed block diagram of the depending upon which microcode is executing. If 

priority encoder illustrated in FIG. 1. As mentioned 10 emovmdir is asserted, a simple one's complement func- 

previously, the Register List Mask word is located in tion is performed on the output register pointer. If 

the pipelined instruction stream and is loaded from the emovmdir is not asserted, the output register pointer is 

extension word in stage one of the pipe. transmitted unchanged. 

The input labelled exwls [15:8] represents the upper FIG. 5 shows a logic diagram of the priority encoder 

eight bits of the Register List Mask word, and the input 15 illustrated in FIGS. 1 and 4. In FIG. 5 the emovmh 

labelled exwls [7:0] represents the lower eight bits of the register 14 is shown as comprising , eight latches 

Register List Mask word. emovmh [0:7]. The emovm register 35 comprises eight 

The exwls [7:0] portion is transferred via 8-bil bus 4, latches emovm [0:7]. The emovmpt register 36 com- 

multiplcxer 5, and 8-bit bus 30 into an input latch 35 prises five latches emovmpt [0:4]. And the carpt register 

labelled emovm within priority encoder logic block 7. 20 25 comprises five latches earpt [0:4]. All of the above- 

The exwls [15:8] ponion is transferred via 8-bit bus 3 . mentioned latches used to implement this aspect of the 

and latched in a holding register 14 labelled emovmh. invention are inverting latches; consequently, inverters 

This latching occurs on the assertion of the control arc utilized at their outputs to return the output signals 

signal eload_movm applied to register 14 via control to a non-inverted state. 

line 18. This signal is asserted on the completion of 25 The cload_movm signal is logically ANDed with a 
every instruction in this stage of the pipe. clock signal tl, and the output enables transfer gates 
As will be shown in further detail below, the priority shown generally as Gl coupled to the inputs of the 
encoder analyzes the 8-bit word which is latched in emovmh latches and enables transfer gates shown gen- 
holding register emovm and generates outputs which erally as G2 coupled to the inputs of the emovm latches, 
are latched in an output register 36 labelled emovmpt. 30 The outputs of the emovmh latches are coupled to re- 
Three of the five bits stored in the emovmpt register spective ones of the inputs of the emovm latches via 
are transferred via lines 11-13, respectively, to logic transfer gates indicated generally as G3, whose control 
circuit 20 labelled C2. The three bits output by logic terminals are coupled to the ehload output of logic 
circuit C2 designate a register pointer which is trans- circuit 15. 

fcrred via lines 21-23, respectively, into an output regis- 35 The inputs to the emovm latches are tied to ground 

ter 25 labelled earpt. via respective pairs of transfer gates indicated generally 

The remaining two bits stored in the emovmpt regis- as G4 and G5. The control terminals of transfer gates 

ter designate branch control information, which is G4 are coupled to respective outputs from logic circuit 

transferred via lines 8 and 9, respectively, to register 37, and the control terminals of transfer gates G5 are 

earpt and to logic circuit 15 labelled C3. 40 coupled to the eclear output of logic circuit 15. 

Logic circuit 15 forms part of the control logic The outputs of the emovm latches arc applied to logic 

which, based upon the branch control information, . circuit 37. The five outputs of logic circuit 37 are cou- 

controls the operation of MUX 5 and emovm register pled to the inputs of respective ones of latches emovmpt 

35. via respective ones of transfer gates indicated generally 

Logic circuit 15 utilizes the branch control informa- 45 as G6, whose control terminals are coupled to clock 

tion to generate an eclear signal over line 16, which is signal t4. 

used by the emovm logic to clear the highest order bit Two outputs of the emovmpt latches arc coupled via 
that was determined to be set, and, under suitable condi- lines 8 and 9 to logic circuit 15 and to the inputs of two 
lions (as will be explained in greater detail with refer- of the earpt latches, whose outputs arc coupled to out- 
ence to FIG. 9 below) to generate an ehload signal over 50 put lines 28 and 29, respectively. The three remaining 
line 17, which is used to load the high order portion outputs 11-13 of the emovmpt latches are coupled to 
exwls [15:8] of the data word into the emovm register. logic circuit 20, whose three outputs are coupled to the 
The priority encoder runs every machine cycle, and inputs of the remaining three of the earpt latches. The 
the result is conditionally used based on the state of the outputs of these three earpt latches are coupled to out- 
control signal ecyclc_movm, the assertion of which is 55 put lines 31-33. 

under microcode control. The five inputs to the earpt latches are coupled to 

Microcode selects to use the output of the priority transfer gates indicated generally as G7, whose control 

encoder logic 7 by asserting ccycle_movm on line 24, terminals are coupled to the ccycle_movm signal as 

The assertion of ecycle_movm latches the output enabled by clock signal 12 via AND gate 53. The ecy- 

branch control information and the register pointer 60 cle_movm signal is also ANDed with clock signal t3 

information into register earpt. The five bits output by before being coupled to logic circuit 15. 

register earpt via lines 28-29 and 31-33 are available to . FIG. 6 shows a timing diagram illustrating the clock 

the next stage of a register pipeline. signals tl through t4 shown in FIG. 5. Signals tl 

The assertion of ecycle_movm also enables the clear- through t4 are generated in a sequential, repetitive, 

ing of the highest order bit position set in emovm and 65 non-overlapping fashion, with tl followed by t2, then 

enables the loading of emovm from emovmh. t3, and finally t4. The relationship of the system bus 

According to the MOVEM instruction, the user ad- clock signal is also shown. The system bus clock rises 

dress and data registers specified by the Register List when tl rises and falls when t2 falls. 
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FIG. 7 shows a truth table illustrating the operation 
of the block labelled CI in FIG. 5. The truth table of 
FIG. 7 shows the combinational logic performed by 
block CI. Ii will be apparent to one of ordinary skill in 
the art how to implement this logic in a manner most 5 
suitable for the desired implementation of the priority 
decoder. 

The priority encoder takes inputs emovm [7:0] and ■ 
provides outputs emovmpt [4:0]. The priority encoder 
functions by searching from the least significant bit of 10 
the portion of Register List Mask word stored in 
emovm to the most significant. 

Referring to the first line of the truth table shown in 
FIG. 7, if zero bits are set in emovm [7:0], i.e. emovm is 
all zeros, branch control outputs emovmpt [4:3] indicate 
this with a binary code of 01, the "zero bits set** control 
designation. The register pointer information, emovmpt 
[2:0], and the internal clear control, eclrbit [7:0] are 
unaffected and remain 0. 

If only one bit of emovm is set, branch control out- 
puts emovmpt [4:3] are set to a binary code of 10, the 
'*one bit set" control designation. The register pointer 
information, emovmpt [2:0], is a straight-forward en- 
coding of the bit position which is set (e.g. if bit position 
emovm [0] is set, emovmpt [2:0] is 000; if emovm [1] is 
set, emovmpt [2:0] is 001; and so forth). 

The internal clear control, eclrbit [7:0], has one bit set 
in the same position as the one bit which is set in input 
emovm. This condition corresponds to the first line of 
each grouping in the table, excluding the very first line . 
of the table. 

If two or more bits of emovm are set, branch control 
outputs emovmpt [4:3] are set to a binary code of 00, the 
**more than one bit set" control designation. The regis- 35 
ter pointer information is an encoding of the least signif- 
icant bit of emovm which is set, The internal clear con- 
trol, eclrbit [7:0], has one bit set in the same position as 
the least significant bit which is set of input emovm. 
This corresponds to the remaining table entries not 4^ 
referenced above. 

FIG. 8 is a truth table illustrating the combinational 
logic performed by block C2, which one of ordinary 
skill in the art can readily implement in the most suitable 
manner. 45 

The registers specified by the Register List Mask 
word stored in emovm may be either read from, or 
written to memory. The microcode reflects the direc- 
tion by setting the state of emovmdir. As mentioned 
above, the least significant bit of the register list may 50 
indicate register DO or register A7, depending upon 
which microcode is executing. If emovmdir is not as- 
serted (i.e. equals a logical *'0'*), the output register 
pointer is passed unchanged. If emovmdir is asserted, a 
simple one's complement function is performed on the 55 
output register pointer. 

FIG. 9 is a truth table illustrating the combinational 
logic performed by block C3, which one of ordinary 
skill in the art can readily implement in the most suitable 
manner. 60 

As seen in FIG. 5, block C3 is enabled by the asser- 
tion of the ecycle_movm signal ANDed with the t3 
clock signal. If the ecycle_movm signal is not asserted, 
then the ehload and eclear signals are also not asserted. 

The eclear signal is asserted when ecycle— movm is 65 
set and emovmpt [4:3] outputs indicate "more than one" 
branch control (i.e. 00). The eclear signal enables the 
clearing of the bit position in emovm selected by eclrbit 



(refer to FIG, 7), since the input to the corresponding 
register of emovm [0:7] is thereby tied to ground. 

The ehload signal is asserted when ecycle_movm is 
set and emovmpt [4:3] outputs indicate "zero" (i.e. 01) 
or **one" (10) branch control. The ehload signal enables 
the secondary loading of emovm from the cmovmh 
register by turning on the G3 transfer gates. With 
emovm loaded, it is ready to analyze the priority of the 
bits within the high order portion of the Register List 
Mask word in the next machine cycle. 

FIG. 10 shows a flow chart of the MOVEM instruc- 
tion in accordance with the invention. The flow chart 
shows how the microcode of the MOVEM instruction 
uses the branch control information. 

As mentioned previously, in the MC68040 different 
microcode is run in two different execution units. One 
unit is the effective address unit (EA) which performs 
effective address calculations, dispatches reads, and tags 
writes. The other unit is the execution unit (EU), which 
fetches data from memory and registers and performs 
operations on it. 

The MC68040 address registers are located in the EA 
core, and the data registers are located in the EU core. 
In the MOVEM instruction, microcode keeps track of 
which registers are being loaded, or written, and from 
where. 

With reference now to box 40 of FIG. 10, it is as- 
sumed that register emovm of the priority encoder was 
loaded by the assertion of eload_movm at the comple- 
tion of any previous instruction and has already com- 
pleted an operational cycle before the EA microcode 
for the MOVEM instruction has begun. 

Box 40 shows that the microcode branches depending 
upon whether there are zero, one, or multiple bits set in 
the first half of the Register List Mask word, 

Box 42 shows that if "more than one'* is indicated, the 
EA continues to dispatch reads or tag writes until "one" 
is indicated. 

When "zero'* or "one" is indicated (in either box 40 
or box 42), the second half of the Register List Mask 
word is loaded (refer to box 44 or box 46, showing 
ehload = 1), and the sequence is repeated one more time, 
branching on "zero" (to box 52) and immediately con- 
cluding; branching on **one" (to box 50) and concluding 
after the final register transfer; or branching on "more 
than one" (to box 4S) and continuing register transfers 
until "one" is indicated. At the completion of this in- 
struction, as with any, eload_movm is set to a logical 
one. This again prepares the priority encoder for possi- 
ble use by the next instruction. 

It is important to note that the look-ahead ability of 
the priority encoder allows the second load to be over- 
lapped with the dispatching of the last read from the 
first load of the priority encoder. The microcode 
branches on the output from the first half of the Regis- 
ter List Mask word in one machine cycle and then, can 
branch on the output of the second half of the Register 
List Mask word in the next machine cycle without 
incurring any loss for the load. 

TTie branch control information and the register 
pointer are pipelined to the EU. The EU microcode has 
a duplicate set of branches. The EU moves the registers 
to or from memory. There is no dead machine cycle at 
the second load or at the completion of the second half 
of the Register List Mask word, as might be expected. 
Because of the look-ahead ability, the microcode can 
perform the last transfer knowing that it is finished with 
the MOVEM instruction. 
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In known microprocessors utilizing priority encod- 
ers, microcode would perform the last transfer, then 
look for an indication that the list was now "zero". 
Knowing this^ the instruction was then completed. 
However, no register could be transferred in this last 5 
machine cycle of the instruction. 

FIG. 11 shows a conceptual view of a microproces- 
sor or microcomputer integrated circuit, indicated gen- 
erally by reference numeral 100, comprising a priority 
encoder 7 in accordance with the invention. Data regis- 10 
ters D0-D7 and address registers A0-A7 arc shown, as 
is Register List Mask 10. Also shown is priority encoder 
7, which is responsive to Register List Mask 10. Priority 
encoder 7 generates two branch control outputs via 
lines 28 and 29 and a 3-bit register pointer via lines 15 
31-33, as described above. 

It will be understood by one of ordinary skill that the 
implementation of a microprocessor or microcomputer 
comprises many more elements than are illustrated in 
FIG. 11> and that FIG. 11 is provided to illustrate 20 
merely one use of the priority encoder — i.e. on an inte- 
grated circuit microprocessor. It will also be under- 
stood that the elements shown in FIG. 11 are not neces- 
sarily to scale in relationship to each other or to other 
elements of the integrated circuit. 25 

Thus, in summary, the present invention provides a 
highly efficient priority encoder circuit which contrib- 
utes to the overall processing speed of an integrated 
circuit microprocessor in which it may be incorporated. 
In addition, the design of the circuit is especially con- 30 
serving of silicon area, thereby reducing the cost of 
manufacture and expanding the commercial utilization 
of microprocessor technology. 

It will be apparent to those skilled in the an that the 
disclosed invention may be modified in numerous ways 35 
and may assume many embodiments other than the 
preferred form specifically set out and described above. 

For example, while the present disclosure discusses a 
half-sized priority encoder for a 16-bit word, the inven- 
tive concept could also be extended to other desired 40 
sub-divisions of an N-bit data word, e.g. a quarter-sized 
or third-sized priority encoder. 

Moreover, each portion of the data word need not 
necessarily be of the same length. Also, the size of the 
logic circuit M could conceivably be greater than the 45 
size N of the data word if only a portion (less than N) of 
such logic circuit is used to analyze a portion of the data 
word at a time. 

Accordingly, it is intended by the api>ended claims to 
cover all modifications of the invention which fall 50 
within the true spirit and scope of the invention. 

What is claimed is: 

1. A priority encoder circuit for identifying a highest 
priority bit set in an N-bit data word, where N is a first 
integer value, said N-bit data word having a first por- 55 
tion and a second ponion, said circuit comprising: 
an M-bit logic circuit, where M is a second integer 
value, said M-bit logic circuit responsive to said 
first portion of said data word, for identifying the 
highest priority bit, if any, set in said first portion of 60 
said data word, and for generating an output signal 
indicating whether zero, one, or multiple bits are 
set therein; 

control logic, responsive to an indication that multi- 
ple bits are set in said first portion of said data 65 
word, for resetting said highest priority bit and 
causing said logic circuit again to identify the high- 
est priority bit, if any, set in said first portion of said 
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data word, and to.again generate said output signal 
indicating whether zero, one, or multiple bits are 
set therein; and 
said control logic, responsive to an indication that 
zero bits are set or one bit is set in said first portion 
of said data word, causing said logic circuit to 
identify the highest priority bit, if any, set in a 
second portion of said data word, and to generate 
said output signal indicating whether zero, onei or 
multiple bits are set therein. 

2. The priority encoder circuit recited in claim 1, 
wherein M is less than N. 

3. The priority encoder circuit recited in claim 1, 
wherein said control logic, responsive to an indication 
that multiple bits are set in said second portion of said 
data word, resets said highest priority bit and causes 
said logic circuit again to identify the highest priority 
bit, if any, set in said second portion of said data word, 
and to generate said output signal to indicate whether 
zero, one, or multiple bits are set therein; 

said control logic, responsive to an indication that 
zero bits are set or one bit is set in said second 
portion of said data word, causing said logic circuit 
to identify the highest priority bit, if any, set in a 
next succeeding portion of said data word, and to 
generate said output signal to indicate whether 
zero, one, or multiple bits are set therein; and 
said control logic analyzing said next succeeding 
portion and any subsequent portions in similar fash- 
ion until no further bits of said data word remain in 
a set state. 

4. The priority encoder circuit recited in claim 1, 
wherein said output signal generated by said logic cir- 
cuit to identify said highest priority bit set in said first 
portion of said data word is a first binary-coded value. 

5. The priority encoder circuit recited in claim 1, 
wherein said output signal generated by said logic cir- 
cuit to identify said highest priority bit set in said second 
portion of said data word is a second binary-coded 
value. 

6. The priority encoder circuit recited in claim 1, 
further comprising a register for temporarily holding 
said second portion of said data word and wherein said 
control logic loads said second portion of said data 
word from said register into said logic circuit in re- 
sponse to receiving said first binary coded value indicat- 
ing that zero bits are set or one bit is set in said first 
portion of said data word. 

7. The priority encoder circuit recited in claim 6, 
wherein said control logic is coupled between said reg- 
ister and said logic circuit. 

8. A priority encoder circuit for identifying the high- 
est priority bit set in an N-bit data word, where N is an 
integer value, said circuit comprising: 

an N/2 bit logic circuit, responsive to a first half of 
said data word, for identifying the highest priority 
bit set in said first half of said data word, and for 
generating an output signal indicating whether 
zero, one, or multiple bits arc set therein; 
an N/2 bit register for holding a second half of said 
data word; 

control logic, responsive to an indication that multi- 
ple bits are set in said first half of said data word, 
for resetting said highest priority bit and causing 
said N/2 bit logic circuit again to identify the high- 
est priority bit, if any, set in said first half of said 
data word, and to generate said output signal indi- 
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eating whether zero, one, or multiple bits are set 
therein; and 

said control logic, responsive to an indication that 
zero bits are set or one bit is set in said first half of 
said data , word, loading said second half of said 5 
data word from said N/2 bit register into said N/2 
bit logic circuit and causing said N/2 bit logic 
circuit to identify the highest priority bit, if any, set 
in said second half of said data word, and to gener- 
ate said output signal indicating whether zero, one, 
or multiple bits are set therein. 

9. The priority encoder circuit recited in claim 8, 
wherein said output signal generated by said logic cir- 
cuit to identify said highest priority bit set in said first 
half of said data word is a first binary-coded value. 

10. The priority encoder circuit recited in claim 8, 
wherein said output signal generated by said logic cir- 
cuit to identify said highest priority bit set in said second 
half of said data word is a second binary-coded value. 

11. The priority encoder circuit recited in claim 8, 
wherein said control logic is coupled between said N/2 
bit register and said N/2 bit logic circuit. 

12. A priority encoder circuit in an integrated circuit 
microprocessor for identifying the highest priority bit 
set in an N-bit data word, said circuit comprising: 

an N/2 bit logic circuit, responsive to a first half of 
said data word, for identifying the highest priority 
bit set in said first half of said data word, and for 
generating an output signal to indicate whether 
zero, one. or multiple bits are set therein; 

an N/2 bit register for holding a second half of said 
data word; 

control logic, responsive to an indication that multi- 
ple bits are set in said first half of said data word, 35 
for resetting said highest priority bit and causing 
said N/2 bit logic circuit again to identify the high- 
est priority bit, if any, set in said first half of said 
data word, and to again generate said output signal 
indicating whether zero, one, or multiple bits are 40 
set therein; and 

said control logic, responsive to an indication that 
zero bits are set or one bit is set in said first half of 
said data word, loading said second half of said 
data word from said N/2 bit register into said N/2 45 
bit logic circuit and causing said N/2 bit logic 
circuit to identify the highest priority bit, if any, set 
in said second half of said data word, and to gener- 
ate said output signal indicating of whether zero, 
one, or multiple bits are set therein. 50 

13. The priority encoder circuit recited in claim 12, 
wherein said output signal generated by said logic cir- 
cuit to identify said highest priority bit set in said first 
half of said data word is a first binary-coded value. 

14. The priority encoder circuit recited in claim 12, 55 
wherein said output signal generated by said logic cir- 
cuit to identify said highest priority bit set in said second 
half of said data word is a second binary-coded value. 

15. The priority encoder circuit recited in claim 12, 
wherein said control logic is coupled between said N/2 60 
bit register and said N/2 bit logic circuit. 

16. A method for identifying a highest priority bit set 
in an N-bit data word, said method comprising the steps 
of: 

identifying the highest priority bit, if any, set in a first 65 
portion of said data word, and providing an output 
signal indicating whether zero, one, or multiple bits 
are set therein; 



responding to an indication that multiple bits are set 
in said first portion of said data word by resetting 
said highest priority bit and again identifying the 
highest priority bit, if any, set in said first portion of 
said data word, and again providing said output 
signal indicating whether zero, one, or multiple bits 
are set therein; and 

responding to an indication that zero bits are set or 
one bit is set in said first portion of said data word 
by identifying the highest priority bit, if any, set in 
a second portion of said data word, and providing 
said output signal indicating whether zero, one, or 
multiple bits are set therein. 

17. The method for identifying the highest priority bit 
set in an N-bit data word recited in claim 16 and further 
comprising the steps of: 

responding to an indication that multiple bits are set 
in said second portion of said data word by reset- 
ting said highest priority bh and again identifying 
the highest priority bit, if any, set in said second 
portion of said data word, and providing said out- 
put signal indicating whether zero, one, or multiple 
bits are set therein; 

responding to an indication that zero bits are set or 
one bit is set in said second portion of said data 
word by identifying the highest priority bit, if any, 
set in a ncn succeeding portion of said data word, 
and providing said output signal indicating 
whether zero, one, or multiple bits are set therein; 
and 

analyzing said next succeeding portion and any subse- 
quent portions in similar fashion until no funher 
bits of said data word remain in a set state. 

18. A method for identifying the highest priority bit 
set in an N-bit data word, said method comprising the 
steps of: 

identifying the highest priority bit, if any. set in a first 
half of said data word, and providing an output 
signal indicating whether zero, one, or multiple bits 
are set therein; 

responding to an indication that multiple bits are set 
in said first half of said data word by resetting said 
highest priority bit and again identifying the high- 
est priority bit, if any, set in said first half of said 
data word, and providing said output signal indi- 
cating whether zero, one, or multiple bits are set 
therein; 

responding to an indication that zero bits are set or 
one bit is set in said first half of said data word by 
identifying the highest priority bit, if any, set in a 
second half of said data word, and providing said 
output signal indicating whether zero, one, or mul- 
tiple bits are set therein; 

responding to an indication that multiple bits are set 
in said second half of said data word by resetting 
said highest priority bit and again identifying the 
highest priority bit, if any, set in said second half of 
said data word, and providing said output signal 
indicating whether zero, one, or multiple bits are 
set therein; and 

responding to an indication that zero bits are set or 
one bit is set in said second half of said data word, 
concluding said method with respect to said N-bit 
data word. 

19. A method for identifying the highest priority bit 
set in an N-bit data word stored in an integrated circuit 
microprocessor, said method comprising the steps of: 
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identifying the highest priority bit, if any, set in a first 
' half of said data word, and providing an output 
signal indicating whether zcro» one, or multiple bits 
are set therein; 
responding to an indication that multiple bits arc set 5 
in said first half of said data word by resetting said 
highest priority bit and again identifying the high- 
est priority bit, if any, set in said first half of said 
data word, and providing said output signal indi- 
cating whether zero» one, or niultiple bits are set 10 
therein; 

responding to an indication that zero bits are set or 
one bit is set in said first half of said data word by 
identifying the highest priority bit, if any, set in a 
second half of said dau word, and providing said 15 
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. output signal indicating whether zero, one, or mul- 
tiple bits are set therein; 

responding to an indication that multiple bits arc set 
in said second half of said dau word by resetting 
said highest priority bit and again identifying the 
highest priority bit, if any, set in said second half of 
said data word, and providing said output signal 
indicating whether zero, one, or multiple bits are 
set therein; and 

responding to an indication that zero bits are set or 
one bit is set in said second half of said data word, 
concluding said method with respect to said N-bit 
data word. 
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